Conclusions: Modification of intravaginal and general hygiene practices should be evaluated as potential strategies for reducing the risk of BV.
INTRAVAGINAL PRACTICES ARE COMMON AMONG sexually active women and have been described in several subSaharan African countries, parts of Asia, and the United States. 1 These practices include vaginal wiping, vaginal washing, and inserting substances into the vagina. Women report using intravaginal practices for purposes of genital hygiene, for treatment and prevention of sexually transmitted diseases (STDs), and to enhance sexual pleasure for male partners ("dry sex"). [2] [3] [4] Although many women engage in intravaginal practices because of perceived health benefits, a number of studies have demonstrated potentially harmful associations with HIV-1 infection, STDs, bacterial vaginosis (BV), and obstetric and gynecologic conditions, including pelvic inflammatory disease (PID), reduced fertility, and ectopic pregnancy. [5] [6] [7] [8] [9] [10] Among intravaginal practices, vaginal washing has been most extensively studied as a risk factor for BV, [11] [12] [13] a condition characterized by an imbalance of vaginal flora. Bacterial vaginosis is common in African women 11, 12 and has been associated with genital tract infections with Trichomonas vaginalis, Chlamydia trachomatis, Neisseria gonorrhoeae, PID, and also with adverse pregnancy outcomes. 14 -16 More recently, prospective studies have demonstrated that BV and the absence of hydrogen peroxide-producing lactobacillus species in the vagina are associated with increased risk for HIV-1 acquisition. [17] [18] [19] Studies evaluating the association between vaginal washing and BV have provided conflicting results. 12,20 -22 The heterogeneity of the techniques, substances, and intensity of vaginal washing practices may help to explain the different findings in these studies. For example, women may perform vaginal washing by douching with a stream or jet of water, by wiping with a piece of cloth, or by using fingers to insert water, soap, or a variety of other substances in the vagina.
In contrast to vaginal washing, few studies have examined the association between BV and other intravaginal practices such as use of vaginal lubricants. 23, 24 Data on the association of BV with bathing are also limited. 25 Understanding the associations among intravaginal practices, general hygiene, and BV is important as a means of identifying potential targets for interventions to reduce the incidence of BV. The objective of this study was to identify risk factors for BV in a cohort of Kenyan female sex workers (FSWs) who reported no current symptoms of vaginal itching or discharge.
Materials and Methods

Subjects
This cross-sectional study was conducted at an outpatient communicable diseases clinic in Mombasa, Kenya. HIV-1-seronega-tive FSWs from an open cohort study initiated in 1993 were invited to participate in a randomized clinical trial of periodic presumptive treatment for vaginal infections. Enrollment data from trial participants were used for this analysis. Women who reported current symptoms of vaginal itching/burning or discharge were excluded from enrollment. This exclusion criterion was based on the need to provide syndromic treatment to these women rather than randomizing them to the study intervention versus placebo. Pregnant women were also excluded. This study was approved by the human subjects committees of Kenyatta National Hospital and the University of Washington. Written informed consent was obtained from all participants.
Women provided baseline data on demographic characteristics, medical and sexual history by completing a structured interview administered by trained study nurses. The enrollment interview included detailed questions about intravaginal practices during the past week, which included substances used, frequency, and timing. Vaginal washing was defined as using a finger or a piece of cloth to introduce water, soap, or other substances to clean inside the vagina. Data on bathing practices included bathing frequency and whether the pelvis was submerged into a tub or basin while bathing. Blood was collected to determine HIV-1 serostatus and a urine sample was collected to test for pregnancy. A physical examination, including a pelvic speculum examination and collection of specimens for diagnosis of genital tract infections, was performed by one of the study clinicians.
Laboratory Methods
HIV-1 serostatus was determined by enzyme-linked immunosorbent assay (ELISA) (Detect-HIV; BioChem ImmunoSystems, Montreal). Positive samples were confirmed using a second ELISA (Recombigen; Cambridge Biotech, Worcester, MA). Pregnancy testing was performed using a rapid ␤-hCG test (Plasmatec Laboratory Products, Dorset, U.K.). A vaginal saline wet mount was examined microscopically under high power (ϫ40) for the presence of T. vaginalis, yeast, and clue cells. A drop of 10% potassium hydroxide was then added, and the slide was examined a second time for the presence of yeast. Culture for T. vaginalis was performed in Diamond's media. Trichomoniasis was defined as a positive culture or the presence of motile trichomonads on examination of the wet mount. Endocervical secretions were cultured on modified Thayer-Martin media for N. gonorrhoeae. Vaginal candidiasis was defined by the presence of yeast on the vaginal wet preparation or KOH preparation. Bacterial vaginosis was diagnosed by Nugent's criteria 26 with BV defined as a score of 7 to 10. Vaginal Gram stains were all evaluated by a laboratory technician who had received specialized training in this technique and was blind to the intravaginal practices reported by study participants.
Statistical Analysis
We initially compared women without BV with those with BV for the covariates of interest in this study. Comparisons of bivariate outcomes were made using 2 tests and comparisons of continuous outcomes were made using the Mann-Whitney U test. In addition, a 2 test for trend was used to assess the relationship between the prevalence of BV and frequency of vaginal washing.
Logistic regression was used to examine the associations among intravaginal practices, bathing, and BV. The relationships between intravaginal practices and the individual microscopical components of the vaginal Gram stain score (Gram-positive rods, Gramvariable rods, and curved rods) were also examined. Because many of the women reported more than one intravaginal practice, we constructed an initial multivariate model including the main effects of interest (vaginal washing frequency, use of petroleum jelly and use of saliva as vaginal lubricants, use of cloth for cleaning inside the vagina, and infrequent bathing). This model was designed to show the independent effects of each practice. An additional multivariate model was constructed to include the main effects of interest plus known or suspected potential confounding factors of the association between intravaginal practices and BV, including age, 27 sexual risk behaviors, 21 and hormonal contraceptive use. 28 In the models, data on the number of sex partners in the past week and the number of sex acts in the past week were dichotomized based on the median values for the study population. For all models, collinearity of the covariates was assessed using Spearman's correlation coefficient. In no case was there an indication of collinearity of the covariates included in a model.
Results
Study Population
Between May 2003 and December 2004, 309 women were approached as potential participants in this study, of whom 237 were enrolled. Of the 72 women who did not participate, 3 reported symptoms of a vaginal infection, one was pregnant, one was prescribed metronidazole for amoebiasis, and 67 declined participation or did not return for enrollment. Compared with participants, the women who did not participate were younger (median age 27 vs. 33 years, P Ͻ0.001) and reported less use of oral contraceptive pills (20% vs. 80%, P Ͻ0.001) and depot medroxyprogesterone acetate (21% vs. 79%, P Ͻ0.001) but did not differ significantly in terms of education, workplace, marital status, sexual risk behavior (number of new partners, frequency of sex, and use of condoms), vaginal infections (trichomoniasis, candidiasis, BV), or intravaginal practices (use of finger/cloth for vaginal washing, substances used for vaginal washing, use of vaginal lubricants).
The demographic characteristics, intravaginal practices, bathing frequency, sexual risk behaviors, and prevalence of vaginal infections in the 237 enrolled women are shown in Table 1 . The median age was 33 years and the median duration of education was 8 years. Two hundred six women (86.9%) reported vaginal washing, of whom 49 (23.8%) used water only, whereas 157 (76.2%) used soap or other substances (detergent ϭ 2 [1.3%] or antiseptic ϭ 1 [0.6%]). The most common method of vaginal washing was with a finger, which was reported by 194 (94.2%) women. Fifty-six women (23.6%) used petroleum jelly and 44 (18.6%) used saliva as a vaginal lubricant.
In this population of asymptomatic women, 80 (33.8%) were diagnosed with bacterial vaginosis, 24 (10.1%) with vaginal candidiasis, and 7 (3.0%) with trichomoniasis. Compared with women without BV, those with BV were more likely to report a new partner within the last month or report use of saliva or petroleum jelly as vaginal lubricants and less likely to have vaginal candidiasis ( Table 1) . Table 2) . The findings were similar after adjustment for potential confounding factors. The findings did not differ significantly in analyses that were stratified by the substance used for vaginal washing (water vs. soap and other substances; data not shown).
Correlates of Bacterial Vaginosis
To gain a better understanding of how these practices might influence individual components of the vaginal flora, we analyzed the associations of each practice identified as a potential risk factor for BV with the bacterial morphotypes included in the vaginal Gram stain score (Table 3) . These results demonstrated that different practices were associated with unique patterns of alteration of the vaginal flora identified on Gram stain. It is notable that lubrication with petroleum jelly was associated with a lower prevalence of Gram-positive rods (adjusted odds ratio [OR] ϭ 0.4, 95% confidence interval [CI] ϭ 0.2-0.9) and more frequent detection of Gramvariable rods (adjusted OR ϭ 2.5, 95% CI ϭ 1.2-4.9) and curved rods (adjusted OR ϭ 3.1, 95% CI ϭ 1.1-8.8), whereas lubrication with saliva was associated with increased prevalence of curved rods (adjusted OR ϭ 3.0, 95% CI ϭ 1.0 -8.8).
Discussion
This study of women without symptoms of vaginal infections identified multiple risk factors for BV in a cohort of HIV-1-seronegative FSWs. To our knowledge, this is the first study to identify lubrication with petroleum jelly or saliva as risk factors for BV. There was also a significantly increased likelihood of BV Although a number of studies have looked for associations between vaginal washing and BV, few have attempted to assess a dose-response effect based on the frequency of this practice. 20, 29 In addition, the frequency of vaginal washing was generally low in these studies. In contrast, we observed a broad range of vaginal washing practices ranging from none to over 28 times per week. The observation of a dose-response effect between vaginal washing and BV provides epidemiologic evidence of a possible causal association. In addition, the presence of a frequency-dependent effect may help to explain the heterogeneity of results from prior studies in which the frequency of vaginal washing was not specifically evaluated. Of note, although we demonstrated a significant association between vaginal washing frequency and BV, it is not clear whether these data represent a continuous stepwise effect versus a threshold effect.
To gain further insight into the biologic mechanisms through which intravaginal practices and bathing might influence the risk of BV, we examined the associations of these practices with the individual components of the vaginal Gram stain score. A healthy vaginal environment is composed primarily of Lactobacillus species, which appear as Gram-positive rods on microscopy and produce antimicrobial factors that inhibit the overgrowth of potentially pathogenic microorganisms. 19, 21 Bacterial vaginosis is characterized by a reduction of lactobacilli and an increased prevalence of Gram-variable rods and curved rods. We found that the use of petroleum jelly as a vaginal lubricant was associated with a reduced prevalence of lactobacilli and increased prevalence of BVassociated bacterial morphotypes. In contrast, use of saliva as a vaginal lubricant was not associated with significant changes in the prevalence of Lactobacillus morphotypes or Gram-variable rods but was associated with an increased likelihood of identifying curved rods. These findings suggest that different practices may have different effects on the individual components of the vaginal Gram stain score. Further work will be needed to replicate these findings and to understand the reasons for the differential effects of specific practices on particular bacterial morphotypes. 
ASSOCIATIONS BETWEEN INTRAVAGINAL PRACTICES AND BACTERIAL VAGINOSIS
An interesting finding of this study was the association of less frequent bathing with an increased risk of BV. This association may initially seem counterintuitive in light of our findings that vaginal washing was associated with BV and furthermore, that most women in this population practice vaginal washing during bathing as well as at other times. Less frequent bathing could increase the risk for BV by influencing bacterial concentrations on the perineum, but it is also possible that lower bathing frequency could be a marker for other risk factors that are not measured in this study.
There were limitations to this study. First, like with other cross-sectional studies, it is not possible to definitively establish causality. Indeed, symptoms of BV could lead to vaginal washing, although this source of bias would be minimized in the current study because the women denied current symptoms of vaginal infections. Second, although our multivariate analyses adjusted for multiple potential confounding factors, some level of residual confounding may remain when adjusting for self-reported risk behaviors. Third, our analyses did not specifically evaluate differences in intravaginal practices that may occur during menses. Finally, this study was conducted in a population of FSWs who denied symptoms of vaginal itching or discharge at the time of enrollment. Although many women with BV are asymptomatic, 30 and BV may increase a woman's risk for HIV-1 infection regardless of the presence of symptoms, 19 further research is needed to determine whether the risk factors for BV that we have identified in this study are generalizable to other populations.
In conclusion, this study has identified several modifiable risk factors associated with BV. Prospective studies are needed to determine whether modification of these practices reduces the risk of BV. If so, then behavioral interventions to reduce or modify vaginal washing practices could provide a simple, inexpensive, female-controlled strategy for reducing the risk of BV and its associated complications.
